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(54) Method lor preparation of small zeotype crytals 

(57) A method for the preparation of small zeotype 
crystals with controlled sizes comprising the steps of 
synthesizing inside a porous material having a majority 
of pores less than 1000 A a synthesis gel consisting 
essentially of 

(a) a zeotype precursor composition comprising 
hydratized oxides of Si. Ai and P and metal com- 
pounds 

(b) a zeolite template; and 

heating or autoclaving the porous support 
material containing synthesis gel, whereby 
zeotype crystals are formed; and 
rinsing and drying the porous support material 
containing zeotype crystals. 
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innmi The wesent invention is directed to the preparation and isolation of small zeotype crystals 

K! HiSX. SSSin concerns a novel method by which it is possible to achieve well defined azes of 

SS ""SSSSfl '-mature ageing in the preserve o* sucrose in 



moon Varying the ratios of Si/Ai, h 2 u/ai ana ivhi w«iiy a. ^ ^ — r-r-— * . . 1pq9 Pris 

SS Y. Zhang.C Meng. W. Pang. The proceedings of the 9* international zeolite conference. Montreal 1992. Eds. 

20 R. von Ballmoos et al.. 297-304]. 

[0008] The advantages of small zeotype crystal sizes are in particular. 

(1) a reduction of the diffusion resistance in the zeotype (K. Beschmann. L Riekert J W**™- 548 " 565) - 
(N.Y. Chen, W.E. Garwood. J. Catal.. 1978. 52. 453-458). (S.B. Pu. T. km. Zeolrtes. 1996. 17. 334-39). 

(^reduction of the deactivation rate of the zeotype f^^^^ 
mura. K. Chaki. T. WakatsuW. H. Okado. K. Fujimoto, Zeolrtes. 1994. 14. 643-649). (H. van Bekkum, tm r.a g 
J C Jansen (editors). Elsevier, Amsterdam, Vol. 58. 1991. 619). 

the Debye-Scherrer approach and by transmission electron <TE»J • preparation and isolation 

[001 2] In accordance with the above finding, this invention provides a novel method for the preparation ana .so a 

S5g ZeW M»n manage k MM «M 1 aogW-on o. th. 

SET ^*S5K5SSS5* - — - i a «d. c 
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DETAILED DESCRIPTION OF THE INVENTION 

[001 91 In all the examples described below, distilled water was used as the source of water. Additionally, all the syn- 
thesis ael comoositions presented below are given in mole ratios of the individual components. u . . . . . 

unTr symSs co^ditior^and a template mixture, which is depending oh the zeotype to be formed eortmn 

lanic oTnorgartc (alkali) template promoting the formation of the desired zeotype from the corresponding synthess 

ael (hydXXSSS source and template mixture). The template mixture may in addition to the zeotype promoters 

SS^Ss providing^ desired elements of the resulting zeotype (secondary precursor sources^ 

SZ are insoluSe^Te primary precursor source thus added along with the template in the template m^re. The 

^SS;S cental hydrolyzed oxide compounds of Si. AJ. P and metals together with the template 

S2 crystaJare obtained from the synthesis gel by heating or autoclaving the synthesis gel according to known 

methods Volatile organic templates are removed from the resulting zeotype during activation, 
methods. v«wog^ p- ^ ^ be so|ub|e jn ^ wgter a fln s0 ven ^ 

Befow are typical sources of Si. A. and P. However, any source complying with the so.ub.hty cntenon 

^ Suitable silicium sources are M 2 Si0 3 . M=Na,K or Si(OR)4. where • "J- 
[00231 Suitable aluminium sources are AKNOah, AJ 2 (S0 4 ) 3 , NaA10 2 . KAIO2 and AI(OR) 3 . where R=alkyl. 

hydroxides and inorganic templates are alkali metals. 
Example 1 
25 Crystallization of ZSM-5 

[0026] An example made as reference was carried out as follows. Tetra ethyl ortho silHJe fTEOS) - ■ndjM^ 
sooroboxide (AlfoPrfo) was used as silica and alumina source and tetrapropyl ammonium hydrox.de (TPAOH) was 
usS^emp ate Tr/e synthesis mixture is based on the synthesis of ZSM-5 described in A.E. Persson B^Schoe- 
™7 S iE OHaretad Zeolites 1994 14 557-567 and M. Ghamami. LB. Sand. Zeolites. 1983. 3. 155-162. 
Sm 6 « ^SSKS^ a mixture of 0.200 kg TPAOH (40 %. Aidrich). 0.044 kg ammonia , (25% 
S - de Hal? and 0.220 kg water. 0.340 kg TEOS (98%. Aidrich) was added to the solution under agitation and the 
solution was aged for 3 hours. 

[0028] A synthesis gel in the support with the following composition was obta.ned. 

25 Si0 2 : 6 TPAOH : 10 NH 3 : 200 H 2 0 : 100 EtOH. 
[0029] Thesyrthesisgelwastransferredto^ 

amounts of waterTo produce saturated steam. The autoclave was heated at _ 
TO0301 The product was washed with water until the pH value of the washmg water reached 7-8. 
557] Phai Intification (XRPD) was carried out with a Philips PW 1820 Diffractometer using ™nochr omatic 
CuKa radiation (40 kV and 40 Ma). The XRPD of the synthesised ZSM-5 revealed the presence of crystalline ZSM-5 
with a crystal 

45 size of more than 1000 A. Example 2 

Crystallization off ZSM-5 In carbon. 

[0032] Carbon Back in form of Black Pearls (BP-700) and Black Pearls (BP-2000, Carbot <^™^" 
so port materials. These materials have mesopores with a narrow pore size distribution and a suftaently high pore vd- 

™* Two different approaches were used in the preparation of zeolites in the pore system of the support. One 

^ r ... ... ... . : r^rinr ti-i *ho mnronnatinn of the teiTIDlate. 
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rochwr to a, s;^ 

ano^e otn^Tawmach was to hydrolyse the silica-source with ore-impregnated template. In all the impregnation steps, 
fmpregnation byincipient wetness was used in order to avoid crystallization outs.de the pore system. 
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Example 2.A 

Pre-hydrolysis of silica source, without aluminium. 
, 10034] As an example, 1 .00 kg of BP-700 with a Hg-pore volume of 0.728 Ukg and a BET pore radius of 106 A was 
dried in an oven at 150°C for 3 hours. 

[0035] A synthesis gel in the support with the following composition: 
25 Si0 2 : 5.2 TPAOH : 10 NH 3 : 149 H 2 0 : 23 EtOH 
0 Z^SS^S*™* (98%. Aidrich)' and 0.29 Kg ethano. (>95%. Bie & Bernteen A/S) was impreg- 

0M* JmUkm* by addition of 0.045 kg «™«™> (HK. MM • * HaOn) ml 0.07 kg Ml <>95%. Be * 
S^^autoclave wascooled to room temperature. ■nd»«P^^«^r W < h .^^J2SE 



Example 2.B 

30 Pre-hydrolysis of silica source, with aluminium. 



as [0041] Asynthesis gel in the support of the following composition was then obtained. 
25 Si0 2 : 0.25 AfcOa : 5.2 TPAOH : 10 NH 3 : 149 H 2 0 : 23 EtOH. 
[0042] The same procedures in the hydrothermal autoclave step and rinse step as in Example 1 were employed. 



40 

Example 2.C 



Pre-lmpregnation of template. 
« [0043] AsirrtlarprocedureasinEb^ 

" ST ^rr^r^ri^- 

[0047] A synthesis gel in the support of the following composition was obtained: 
25 SiOa : 5.8 TPAOH : 9 NH 3 : 220 Hj.0 : 100 EtOH. 
55 [0048] Same procedure in the hydrothermal autoclave step and rinse step as in Example 1 was employed. 



4 



EP1002 764 A1 



;.6 g aluminium-isopropaxide was dissolved in the template mixture. 



Example 2.D 

Pre-impregnation of template and aluminium. 

* mo49l Example 2.C was repeated, but now 6.6 g * 
[SS Asynthesisgelinthesuppor^ 

25 Si0 2 : 0.25 Al20 3 : 5.8 TPAOH : 9 NH3 : 220 H 2 0 : 100 EtOH. 

)0 l00 51] Sameprocedurein^^ 
Example 2.C were employed. 

Example 2.E 

15 Crystallization of ZSM-5 In large pore carbon. 

a Hg-pore volume of 4.01 l/kg and a ^Jj^ r |j °! ^^>c for 3 hours before use. Example 2.D was followed using 
1.0053] ^supportmatenalwasdn^n^ 
so 1 00 kg of BP-2000 corresponding to a total pore volume ot 4.u 1 1. / 

comoonents was scaled up by a factor 5.5 (4.01/0.728). Mt%tna A. 
SSSa synthesis gel in the support of the following composfon was obta,ned. 

a kiu ■ oon u o - 100 EtOH The same procedure in drying, impregnation of 

on basis of XRPD line broadening using the Scherrer equation at the (501) and (151) retieci * 
at 23.18° and 23.72°, respectively. 
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Table 1 



\ Sample 


L501/A 


M51/A I 


0 


>1000 


^Toob J 


2.A 


365 


777 J 


2.B 


162 


157 | 


2.B* 


374 


258 


2.C 


203 


160 


2.C* 


387 


H 769 


2.D 


191 


155 


2.D* 


294 


312 


2.E 


482 


452 


Calculated crystal size, L, calculated by the Scherrer equa- 
tion at the 501 and 151 reflections, respectively, indicated 
by indices 501 and 151. 



Example 2). 
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a of 156 3 rn 2 ^9 The zeolite 

0.13 ml/g the sample showed pores wnn a 
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of 0.54 ml/g. 
Example 3 
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Example 4 
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weighted amounts of TEOS. TPAOH, ^ acoroximately 190 A. 



Example 5 



R.mo«l ol MgO porous support by acM. ^,*E^4b.stidu»0^«*u 



35 Example 6 



_r ^ n ^.s««J«^ofsodsr«e(SOD)inu-^0 3 *asp^rt|S» MNa0 Hsolutioo.Tn e8 Mins 

Sal size ^ 183 Acaicuiatedby the Scherrer equate 
Example 7 

55 Crystallization ol SOD in MgAl 2 0 4 . . arralrined at 75 o»C. under the tradename 
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support material. 

[0068] 1 .00 kg of MgAI 2 0 4 was immersed in a solution of 1 .00 kg TEOS and 0.86 kg EtOH (corresponding to 50 
vo!.% EtOH) for 1 hour. The impregnated MgAI 2 0 4 was dried at room temperature until ethanol had evaporated. 
[0069] 3.20 kg NaOH (97%. Aldrich) and 0.95 kg sodium aluminate (NaAl 2 0 3> 54 wt.% Al 2 0 3 and 41 wt.% Na 2 0) 
5 was dissolved in 1 .00 kg of water. The impregnated MgAl 2 0 4 was immersed in the solution for 1 hour, dried roughly with 
a towel and aged for 2 hours. A synthesis gel of the following composition was obtained: 

Si0 2 : Al 2 0 3 : 10.3 Na 2 0 : 21.3 H 2 0 

io [0070] Afterwards it was transferred to a porcelain cup, placed in a stainless steel autoclave containing some water 
and hydrothermal autoclaved at 140°C for 24 hours under static conditions. 

[0071] The product was washed with water until the pH of the washing water reached 7-8, dried at 1 10°C for 3 
hours and calcined at 550°C for 6 hours. 

[0072] The XRPD of the product showed that the phases were Mg Al 2 0 4 with spinel structure and zeolite with sodal- 
15 ite structure. The crystal size of the zeolite was calculated by the Scherrer equation to 83 A. 

[0073] The Examples above cover solely the preparation of zeolitic zeotypes, but the technique applied according 
to the present invention may be used for any other zeotype. 

Claims 

20 

1. A method for the preparation of small zeotype crystals with controlled sizes comprising the steps of synthesizing 
inside a porous material having a majority of pores less than 1000 A a synthesis gel consisting essentially of 

(a) a zeotype precursor composition comprising hydratized oxides of Si, Al and P and metal compounds 
25 (b) a zeolite template; and 

heating or autoclaving the porous support material containing synthesis gel, whereby zeotype crystals are 
formed; and 

rinsinig and drying the porous support material containing zeotype crystals. 

30 

2. The method of claim 1 , wherein the zeotype precursor composition is prepared from one or more precursor sources 
under synthesis conditions inside the porous support material. 

3. The method of claim 2, wherein one or more zeotype precursor sources are initially contained within the porous 
35 support material and the further of the zeotype precursor sources and the template are subsequently brought into 

pore contact with the porous support material. 

4. The method of claim 2, wherein the synthesis gel is obtained by bringing into pore contact each of the zeotype pre- 
cursor sources and a template mixture, which may contain further of said zeotype precursor sources, one at the 

40 time in either succession, with the porous support material. 

5. The method of claim 2, wherein, among the zeotype precursor sources, Si sources are selected from the group of 
inorganic silicates or organic silicium alkylates, Al sources are selected from the group of inorganic oxides or 
organic aluminium alkylates, P sources are of the general formula H 3 PO x , with x=2,3 or 4, metals are selected from 

45 their corresponding metal salts, each of the precursor sources being soluble in water and/or an organic solvent. 

6. The method of claim 2, wherein the template is selected from the group of organic templates comprising alkyl 
amines, tetra-alkyl ammonium salts, tetra-alkyl amino bromides and hydroxides, and the group of inorganic tem- 
plates comprising alkali metals. 

so 

7. The method of claim 1 , wherein the porous support material comprises carbon, magnesium oxide, silica alumina 
and/or magnesium aluminium spinel. 

8. The method of claim 1 , wherein the porous support material is removed by pyrolysis or by dissolution in acid. 

55 

9. Zeotype crystals prepared by a method according to anyone of the preceding claims. 

10. Use of zeotype crystals according to claim 9 as catalyst in chemical reactions. 
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